Background and objectives Secondary hyperparathyroidism is common among patients with ESRD. Although medical therapy for secondary hyperparathyroidism has changed dramatically over the last decade, rates of parathyroidectomy for secondary hyperparathyroidism across the United States population are unknown. We examined temporal trends in rates of parathyroidectomy, in-hospital mortality, length of hospital stay, and costs of hospitalization.
Introduction
Secondary hyperparathyroidism (sHPT) is common among patients with ESRD. Excessive parathyroid hormone (PTH) can contribute to the development of bone pain, fracture, cardiomyopathy, vascular and cardiac valve calcification, calcific uremic arteriolopathy (calciphylaxis), and other adverse clinical effects among patients with ESRD (1) (2) (3) . Left unchecked, severe sHPT can result in devastating bone deformities. Before the widespread use of calcium-based phosphate binders and 1,25-dihydroxy vitamin D (calcitriol), surgical (total with autotransplant or subtotal) parathyroidectomy was the primary means of management of severe sHPT.
In the 1990s, calcium-containing phosphate binders and calcitriol were increasingly used in the management of bone and mineral disorders in patients receiving dialysis in the United States, and the parathyroidectomy rate decreased from 11.6/1000 patient-years in 1992 to 6.8/1000 patient-years in 1998 (4, 5) . With concerns about hypercalcemia and its associated adverse effects, synthetic active vitamin D analogs and noncalcium-containing phosphate binders were developed, replacing calcitriol and calcium-containing phosphate binders in some patients. For instance, from 1998 to 2002, the use of calcitriol declined to ,10% of patients receiving hemodialysis, whereas that of paricalcitol reached .60% (6) . However, the parathyroidectomy rate, which implies patients with sHPT refractory to medical therapy, increased to 11.8/1000 patient-years in 2002 (5, 6) .
In 2004, cinacalcet was introduced in the United States, and prescription rates have increased over time: 10% in 2004, 32% in 2006, and 31% in 2010 (7, 8) . Although the use of calcitriol, active vitamin D analogs, and cinacalcet has been shown to reduce PTH and although cinacalcet reduced rates of parathyroidectomy in some clinical studies (9) (10) (11) , little is known regarding effects of medical management on parathyroidectomy rates in clinical practice. Some reports showed that the laboratory changes observed in clinical practice were less dramatic than those in clinical trials (7) , and parathyroidectomy rates decreased through 2004 and 2005 but increased again in 2006 (6) .
Most previous reports of parathyroidectomy rates were derived from the older population of Medicare beneficiaries receiving dialysis (4-6), excluding many younger patients and those covered by other forms of health insurance. Although the vast majority of patients receiving dialysis in the United States are eligible for Medicare coverage (12) , many other forms of health insurance provide payment for dialysis and hospital care (e.g., employer group health insurance), particularly in the first 3 years of a person's dialysis experience. Restricting evaluation of a surgical therapy to older patients can be a serious limitation, because younger patients tend to receive surgical treatment more frequently than older patients (4, 5, 13) . To overcome this limitation, we used the Healthcare Cost and Utilization Project Nationwide Inpatient Sample (NIS), which includes data on hospital stay, regardless of age and payer. In this study, we sought to determine rates of parathyroidectomy for sHPT and associated in-hospital mortality, length of hospital stay, and costs. We hypothesized that rates of parathyroidectomy would decline after introduction of the calcimimetic cinacalcet and steadily decline further with increased use of cinacalcet over time.
Materials and Methods

Data Source and Study Population
We performed this study using the NIS database, the largest publically available all-payer database of hospital inpatient stays in the United States. The NIS is an administrative dataset created by the Agency for Healthcare Research and Quality from data contributed by participating states (14). The NIS contains all discharge records for the sampled hospitals and includes data on about 8 million inpatient stays from about 1000 hospitals to approximate a 20% stratified sample of all United States hospitals, with the exception of Veterans Affairs hospitals, long-term nonacute care hospitals, and chemical dependence or alcohol treatment facilities. It includes information on all patients regardless of payer, including persons covered by Medicare, Medicaid, and private insurance and the uninsured. Numbers of annual discharges were weighted to generate national estimates for each year. Each hospitalization is treated as an individual entry in the database and coded with one principal diagnosis, up to 24 secondary diagnoses, and 15 procedural diagnoses associated with that stay.
We used the NIS data to identify admissions for parathyroidectomy for sHPT between January 1, 2002 and December 31, 2011. We included all admissions with a procedural diagnosis code for parathyroidectomy using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 06.81 and 06.89, which indicate that parathyroidectomy was performed during the hospitalization. Among all admissions for parathyroidectomy, we identified parathyroidectomy for sHPT using relevant ICD-9-CM diagnosis and procedure codes (Supplemental Table 1 ). Considering that surgical treatment would be suggested for patients with ESRD (and possibly, those with advanced CKD) who had refractory sHPT, we assumed that the patient underwent parathyroidectomy for sHPT if there were relevant diagnostic and procedural codes for renal failure, ESRD, dialysis, kidney transplantation, and renal hyperparathyroidism during the same hospitalization. We excluded patients who had ICD-9-CM codes indicating thyroid or parathyroid cancer (193 and 194.1, respectively), because parathyroidectomy could be performed in the setting of cancer, even if the patient did not have hyperparathyroidism.
Study Variables and Study Outcomes
We ascertained basic demographic variables and hospital information and identified the following comorbidities using ICD-9-CM codes: prior kidney transplantation, diabetes mellitus, hypertension, heart failure, cerebrovascular disease, peripheral vascular disease, fracture, and the development of sepsis during the admission (Supplemental Table 1 ). We also determined the number of days to parathyroidectomy and postparathyroidectomy length of stay. We focused our analysis on rates of parathyroidectomy over time and trends of clinical characteristics associated with parathyroidectomy. We calculated rates by categories of age (0-19, 20-44, 45-64, and $65 years old) and sex. Total hospital charges were converted to costs using costto-charge ratio files in the NIS database (15) . Costs reflect the actual costs of production, whereas charges represent what the hospital billed for the patient. The cost-to-charge ratio files contain a hospital-wide cost-to-charge ratio for each hospital. We did not adjust for inflation. We further examined trends in in-hospital mortality, length of stay, costs, and determinants thereof.
Statistical Analyses
We estimated the total number of hospitalizations for parathyroidectomy for sHPT and summarized baseline characteristics by year (2002-2011). All estimates from the NIS sampling data were transformed into national estimates using survey procedures with appropriate weights and stratifications recommended by the NIS (14). Medians and interquartile ranges were used for continuous variables, and percentages were used for categorical variables. P value for linear trend across years was computed through logistic regressions using continuous year as the sole predictor. We examined trends in duration of hospitalization using log-transformed postparathyroidectomy lengths of stay because of the skewness of the data. We computed rates of parathyroidectomy for each year (with corresponding 95% confidence intervals [95% CIs]) by dividing the national estimates obtained from the NIS data by the total ESRD population (obtained from the US Renal Data System [USRDS] annual report) (12) . Total ESRD population includes patients on dialysis and kidney transplant recipients. We performed subgroup analyses by age and sex in a similar fashion. We calculated in-hospital mortality rates among patients who underwent parathyroidectomy for sHPT using logistic regression with categorical calendar year as the predictor. Additional patient-level covariates were then entered into the model to determine the degree to which temporal trends might otherwise be explained. We created the cohort using the SAS software (SAS Institute Inc., Cary, NC) and conducted the analyses using SAS and StataMP, version 11 (StataCorp., College Station, TX).
Results
Population Characteristics
We estimated 33,814 hospitalizations including parathyroidectomy for sHPT from the NIS between 2002 and 2011. After excluding thyroid or parathyroid cancer, 32,971 parathyroidectomies for sHPT remained for the United States population (Figure 1) . The proportions of all possible combinations of ESRD, CKD, and kidney transplantation hospitalizations during the study period are shown in Supplemental Figure 1 . More than three fourths (76.4%) of patients had an ICD-9-CM code specific for ESRD, a diagnosis or procedure code for dialysis, or both; the remainder had other codes for renal failure or kidney transplantation. Table 1 describes baseline characteristics of the study population in each year. Nearly four in five patients (78.9%) undergoing parathyroidectomy for sHPT were ,65 years old; the majority (54.0%) were women. Mean age, prevalence of diabetes mellitus, and hypertension increased over time.
Parathyroidectomy Rates
When considering prevalence counts available from the USRDS as the denominator of all patients receiving dialysis or all kidney transplant recipients in the United States, we estimated the overall rate of admission for parathyroidectomy at 5.4/1000 patients (95% CI, 5.0/1000 to 6.0/1000). Figure 2 shows estimated parathyroidectomy rates over time. The number of parathyroidectomy events and parathyroidectomy rates decreased from 2003 (4210 events; 95% CI, 3321 to 5099; 7.9/1000 patients; 95% CI, 6.2/ 1000 to 9.6/1000), reached the lowest in 2005 (1890 events; 95% CI, 1481 to 2298; 3.3/1000 patients; 95% CI, 2.6/1000 to 4.0/1000), increased through 2006 (3225 events; 95% CI, 2602 to 3848; 5.4/1000 patients; 95% CI, 4.4/1000 to 6.4/ 1000), and has been sustained since that time (in 2011; 3496 events; 95% CI, 2784 to 4207; 4.9/1000 patients; 95% CI, 3.9/1000 to 6.0/1000). Dividing the study timeframe in monthly intervals, we found that number of parathyroidectomies decreased from March of 2004 and reached the nadir in May of 2005 ( Figure 3) . We also determined unadjusted parathyroidectomy rates by age group and sex in each year (Supplemental Figure 2) . Parathyroidectomy rates were highest for the age group of 20-44 years old.
There was a dip in 2005 and a rise in 2006 for all age groups; the dip and rise pattern was most pronounced for the age group 20-44 years old. Although parathyroidectomy was more prevalent in women relative to men, similar trends over time were observed.
Incidence and Risk Factors of In-Hospital Mortality
Unadjusted rates of in-hospital mortality decreased significantly from 1.7% (95% CI, 0.8% to 2.6%) in 2002 to 0.8% (95% CI, 0.1% to 1.6%) in 2011 (P for trend ,0.001) (Figure 4) . A similar decline was found when adjusting for age, sex, and comorbidities (P for trend ,0.001) ( Table 2 ). In-hospital mortality rates were significantly higher in patients with heart failure (odds ratio [OR], 4.23; 95% CI, 2.59 to 6.91) and peripheral vascular disease (OR, 4.59; 95% CI, 2.75 to 7.65) and lower among patients with prior kidney transplantation (OR, 0.20; 95% CI, 0.06 to 0.65). Sepsis was more prevalent in patients who died during hospitalization compared with those who survived (40.8% versus 2.2%; P,0.001). Parathyroidectomy was performed on hospital days 0-3 in 80.0%, 5.4%, 2.2%, and 1.5% of admissions, respectively; 6.3% of patients underwent parathyroidectomy after 7 days of admission. In-hospital mortality was 6.4% in patients who underwent parathyroidectomy after 7 days of admission, whereas mortality was 0.9% in patients who underwent parathyroidectomy within 7 days of admission (P,0.001).
Disposition, Length of Hospital Stay, and Hospital Costs
Overall, .80% of survivors discharged to home, and ,10% of patients discharged to a health care facility (Supplemental Table 2 ). These proportions did not change materially over time. The median duration of the hospitalization after parathyroidectomy was 3 days (25th-75th percentiles 5 2-6 days) (Supplemental Table 2 ). Lengths of stay after parathyroidectomy declined significantly over time, whereas the median hospital costs steadily increased between 2002 and 2011 ($7981 in 2002 versus $11,412 in 2011; P for trend ,0.001) (Supplemental Figure 3) . Owing to skewness of data, the mean value was approximately 1.5-fold higher than the median.
Discussion
Using a representative national cohort in the United States, we found that rates of parathyroidectomy for sHPT rose from 2002 to 2003, declined abruptly from 2004 to 2005, and increased again during 2006, remaining relatively stable thereafter. In contrast to the 1990s and early 2000s, during which time parathyroidectomy rates reached 10/ 1000 patient-years, we observed generally lower parathyroidectomy rates thereafter. However, rates did not materially change from 2006 to 2011. Notably, in-hospital mortality rates after parathyroidectomy for sHPT steadily declined between 2002 and 2011 and were ,1% in several recent years. Among patients undergoing parathyroidectomy for sHPT, heart failure and peripheral vascular disease were independently associated with in-hospital mortality. Although lengths of hospital stay for patients undergoing parathyroidectomy have decreased, hospital costs for the parathyroidectomy have increased. In contrast to previous studies using the USRDS database that were restricted to patients with ESRD for whom Medicare was the primary payer, excluding younger patients and patients relatively new to dialysis (4-6), we used the NIS, allowing us to obtain rates among a broader spectrum of patients, irrespective of age or insurance coverage. We observed that the distribution of primary payer differed by patient's age. Medicare was the most common insurance type among all age groups. However, Medicare covered 92.4% of patients $65 years old and only 74.9% of patients ,65 years old. Younger patients were more likely to have insurance other than Medicare and undergo parathyroidectomy (4, 5, 13) .
The findings are in contrast with a Canadian study (16) and the international Dialysis Outcomes and Practice Patterns Study (DOPPS) (17) . The Canadian study, although restricted to a single province (Quebec), showed a sustained reduction in parathyroidectomy rates after 2006. The DOPPS reported that prescriptions of active vitamin D analogs and cinacalcet increased and that parathyroidectomy rates decreased between 1996 and 2011. Because the DOPPS investigators divided the timeframe into 3-year increments (19) . Adoption of these guidelines may have sustained parathyroidectomy rates through subsequent years.
Our examination of time trends in parathyroidectomy for patients with sHPT after introduction of cinacalcet contrasts sharply with results reported from the Evaluation of Cinacalcet HCl Therapy to Lower Cardiovascular Events (EVOLVE) Trial (11) . In the EVOLVE Trial, rates of parathyroidectomy (and of severe, unremitting hyperparathyroidism) were reduced by .50% with cinacalcet relative to placebo (used in combination with conventional therapy for sHPT), despite poor adherence to cinacalcet and the use of commercial cinacalcet in .20% of patients randomized to placebo. In fact, although parathyroidectomy rates dropped abruptly during late 2004 and early 2005, they increased and remained stable, despite more widespread use of cinacalcet in clinical practice. This discordance suggests that either the treatment benefit was overestimated in the randomized clinical trial or alternatively, cinacalcet use in clinical practice does not mirror the approach taken in the EVOLVE Trial. The latter is plausible in that the EVOLVE Trial protocol specified titration of cinacalcet to a maximum daily dose of 180 mg during the first 20 weeks of the trial. Observational studies in which the dose of cinacalcet was recorded suggests that relatively few patients are titrated to doses .60 or 90 mg daily (7, 20, 21) . The relative frequency of gastrointestinal side effects seen with cinacalcet therapy-principally nausea and vomitingmay be limiting the observed benefit, at least vis-à-vis parathyroidectomy-a potential example of efficacy versus effectiveness. An intravenous calcimimetic agent currently under development may have a role as primary therapy Variables were calendar year (continuous), age group, sex, diabetes, hypertension, heart failure, peripheral vascular disease, and prior kidney transplantation.
for sHPT or in patients intolerant of or nonresponsive to oral or intravenous active vitamin D analogs and/or cinacalcet (22, 23) . Although many studies have highlighted the risks associated with sHPT, relatively few published studies have reported risks associated with the parathyroidectomy procedure itself. Kestenbaum et al. (24) reported 30-day mortality of 3.1% using the USRDS data during the timeframe 1988-1999, whereas Ishani et al. (25) reported 30-day mortality of 2.0% and in-hospital mortality of 0.9% during the timeframe 2007-2009. Baseline clinical characteristics of patients undergoing parathyroidectomy were similar in both studies. In-hospital and short-term mortality of parathyroidectomy for sHPT has declined over time. Lower mortality rates in more recent years could reflect residual selection effects and/or advances in dialysis and related care. Moreover, Komaba et al. (26) studied the effect of parathyroidectomy on survival in patients with severe sHPT. They compared mortality among patients who underwent parathyroidectomy and propensity score-matched patients who did not undergo parathyroidectomy, despite severe sHPT, and suggested that parathyroidectomy reduced the risk for all-cause and cardiovascular mortality in patients with severe sHPT (26) .
Strengths of this analysis include the large sample size, generalizability (results were derived from a database capturing a large fraction of all United States hospitals), inclusion of patients irrespective of age or insurance status, and the availability of multiple diagnosis and procedure codes to adjust for comorbid conditions and determine correlates of in-hospital mortality and lengths of stay. Important limitations include the lack of patient-specific follow-up information to determine longer-term associations of parathyroidectomy with mortality, cardiovascular events, fractures, and other complications and sustained biochemical control of sHPT. We could not distinguish patients by the severity of sHPT. In other words, there were no laboratory data (e.g., PTH, calcium, and bonespecific alkaline phosphatase) available in the NIS that might be used to gauge the severity of sHPT. The identification of comorbid conditions was limited to codes provided during hospitalization; no outpatient codes or inpatient codes from other hospitalizations could be included. Moreover, we used the USRDS population as a denominator to estimate the rate of parathyroidectomy. Not all of patients with sHPT are included in the USRDS, and therefore, our estimates may not precisely correspond to parathyroidectomy rates derived from the USRDS itself. Finally, because the NIS tracks hospital admissions and not patients per se, we may have included in our analysis some patients who underwent repeat parathyroidectomy, although these patients likely represent a very small minority of patients overall.
In summary, using a nationally representative database, we examined rates of parathyroidectomy for sHPT over the last decade for which data were available. We found an abrupt decline in rates after introduction of the calcimimetic cinacalcet, with stabilization of rates from 2006 to 2011. In-hospital mortality rates declined steadily over that timeframe, suggesting either improved surgical and perioperative medical care or selection effects. sHPT remains an important complication associated with advanced CKD and especially, ESRD, despite the use of multiple medical therapies. In which clinical settings and at what stage of CKD, ESRD, or sHPT that parathyroidectomy is best applied remain unknown. As with any surgical procedure, anticipated benefits over the long-term need to be balanced with the short-term perioperative increase in risk. Although clinical practice guidelines have suggested parathyroidectomy in patients refractory to medical therapy (15, 16) , treatment strategies must be individualized.
